Spike-associated fast contraction of dendritic spines in cultured hippocampal neurons.
Dendritic spines have long been known to contain contractile elements and have recently been shown to express apparent spontaneous motility. Using high-resolution imaging of dendritic spines of green-fluorescent protein (GFP)-expressing, patch-clamped hippocampal neurons in dissociated culture, we find that bursts of action potentials, evoked by depolarizing current pulses, cause momentary contractions of dendritic spines. Blocking calcium currents with cobalt prevented these twitches. In additional experiments with neurons loaded via a micropipette with calcium-sensitive and insensitive dyes, spontaneous calcium transients were associated with a rapid contraction of the spine head. The spine twitch was prolonged by tetraethylammonium or bicuculline, which enhance calcium transients, and was blocked by the actin polymerization antagonist latrunculin-B. The spine twitch may be instrumental in modulating reactivity of the NMDA receptor to afferent stimulation, following back-propagating action potentials.